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3 1. SUMMARY 2
L7l ':’1 P -,.
_The reported: research was motivated by a growing consensus that design specifications N
for projected controlled flexible aerospace structures, which are becoming larger and more
flexible while performance requirements are becoming more stringent, can only be satisfied f
th-ough an integrated design approach in which one determines simultaneously both structural ;‘
and control system parameters. o
" .The report‘a work dealt with the developmem of ‘nonsmooth optimization techniques for G
q
the integrated design of flexible structures and their control systems. Nonsmooth optimization : X
is an ideal tool for integrated design because it allows dynamic constraints and imposes no dis- N
\
tinction between control system and structural variables. &
Major accomplishéfffént include the development and testing of an optimal control algo- o
L
rithm which can be used to solve both free and fixed time optimal control problems, such as :
the problem of moving a flexible structure, modeled by a partial differential equation, from an :
in initial to a final position in minimum time, while guaranteeing upper bounds on the controls L
and deformations of the structure over the entire maneuver; and((u) the Jaymg @bthe ground- " !
work for the frequency domain design of finite dimensional feedback controllers for flexible \
structures, without resorting to modal truncation and suffering the resulting spillover effects. | ::
L
! 2. TECHNICAL REPORT =
~
P
N
1. Research Objectives W~
)
The broad research objective of this project is the development of an optimization-based \
o
computer-aided Jesign methodology for the integrated design of flexible structures and their 4
control systems. The specific areas being developed are (i) semi-infinite optimization algo- ::
rithms for the integrated design of flexible structures and their control systems, (ii) optimal f '
control algorithms for distributed systems with control, state and shape constraints, (iii) :
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" ;
" consistent discretization techniques for use in optimal control algorithms that solve problems

L
) with dynamics govermned by partial differential equations, (iii) optimization-oriented system

' theory, and (iv) interactive software for optimization-based conirol system design.

2. Significant Accomplishments

b o

The most significant accomplishment to date is the development an extensive theory

() E
2 which establishes the fundamentals of nonsmooth optimization algorthms for the solution of v
j minimax problems. This work was reported in [8]. Out of this work came also a new version '
: of Newton's method for the solution of minimax problems [4]. 3
X In [6] we reported an algorithm for the solution of optimal control problems with ordi- y
B nary differential equation dynamics, state space constraints and control constraints. Ted Baker \
0 undertook the extension of this algorithm to optimal control problems with partial differential »
- equations dynamics, state space constraints, and control constraints. It required the develop- .
: ment of a theory of relaxed controls and consistent discretizations for these problems, as well
y , as a number of algorithmic innovations. Baker’s doctoral dissertation is expected to be com- :
pleted early in 1988. Some of the experimental results are described in [12]. The above men-
tioned algorithm can be used for solving optimal slewing problems involving flexible structures .
:E whose deformation must be kept within prescribed bounds during the entire maneuver, and :
- whose actuator torques are bounded. The algorithm and associated theory will be reported in a v
: series of papers in 1988.
Convex optimal design problems with affine parametrizations tend to exhibit severe ill- g
! conditioning which is attributed to these parametrizations. In order to understand the reasons :
. for this ill-conditioning we undertock a study of the rate of convergence of various nonsmooth :
' optimization algorithms. Our first results in this area were reported in [11]. These have lead to )
n a new class of very promising new nonsmooth optimization algorithms which are currently :
S being evaluated. 4
Most current work dealing with the design of feedback compensators for controlled flexi- :'
) ble structures is based on linear quadratic regulator theory. It has two major drawbacks. The S
. first is that it requires approximation of a PDE model for the dynamics by an ODL modcl :
v obtained by modal truncation. This leads to spillover effects which destabilize the feedback \
" system. The second drawback is that LQR theory is a very limited design tool capable of deal- '
: ing with very "soft" specificatioits only. In order lo provige an aitetnative, we have developed N
- a new computational stability test {3] and an H* minimax multiloop shaping techniquc [9, 10] 3
, y
; 2

)

\

b

\.-..4_\-.:\4-__.-‘ el
L) o L

.~

- » - I A T T Y YL R YU o S |
O LR TN e S R
-

. v Lo¥ ot o L

RN




.I N N N Ny G NI SO XY YV ' e, a0 e’ 9t Ba i ¥ 50, "B it Sk het 4 2t 0a® U O OO RN * fat’ - O > R

]
¢

which can be used for the design of feedback systems with both time and frequency domain :
specifications. Since frequency responses of systems described by linear (one dimensional in
space ) PDE’s can be computed by solving two-point boundary value problems involving only
ODE's, they can be computed with required precision at specific frequencies, with the preci-

sion dependent on the frequency. As a result, spillover effects are avoided. "

Finally, a novel approach to adaptive contro! was explored in [7), which describes a tech-

nique for the identification of parametric uncertainty sets and their utilization in periodic con-

troller redesign, using a minimax, worst case approach.
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3. PARTICIPATING PROFESSIONALS

The project included Prof. E. Polak, Prof. D. Q. Mayne, visiting from Imperial College
London and five students: T. Baker, Y-P Ham, L. He, S. Salcudean, and T-L Wuu, with fund-
ing supplemented by NSF and ONR grants. Mr T-L. Wuu obtained his Ph.D. in 1987, with the
thesis: "DELIGHT.MIMO: An Interactive System for Optimization-Based Multivariable Con-
trol System Design".

4. INTERACTIONS

We have been interacting with the NASA Langley Research Center on the SCOLE exper-
iment. The results reported in [13] were presented at the 1987 SCOLE Workshop, in Colorado
Springs, Co. We have had also a small amount of personal interaction with Dr. Khot of
WPAFB on optimization-based design of flexible structures. We have continuing interaction
with Prof. D. Q. Mayne, a Fellow of the Royal Society, of Imperial College, in the arca of

optimization algorithms and CAD software development.
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